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Documenting the flora of Brazil
An authoritative census of the Brazilian flora with sufficient scientific credibility to guide conservation planning has long been needed. The last complete inventory of Brazilian plants was the detailed and comprehensive Flora brasiliensis, published between 1833 and 1906, in which 19,958 species of plant, algae, and fungi were reported for Brazil (von Martius 1833 , Urban 1906 . Over the following century, thousands of new species and new distribution records for Brazil were published, but no subsequent comprehensive survey of the Brazilian flora was completed. Reviews of existing knowledge include estimates of the number of described species of plants and fungi ranging from 60,700 to 70,210 (Lewinsohn and Prado 2005) . The most recent figures cited for vascular plants are 56,108 species, with 12,400 (22%) endemic (Giam et al. 2010) .
Target 1 of the Global Strategy for Plant Conservation (GSPC), adopted by the parties to the Convention on Biological Diversity in 2002, called for a working list of all known plant species by 2010 (CBD 2010a) . GSPC Target 1 stimulated diverse responses at the global and national B iodiversity hotspots (Mittermeier et al. 1999 , Myers et al. 2000 have captured the imagination of the general public and policymakers alike and have been a major focus of discussions about conservation priorities over the past decade. Estimates of total plant diversity and of species endemism underpin both hotspot circumscription and the recognition of megadiverse countries and regions (Mittermeier et al. 1997 (Mittermeier et al. , 2004 . Therefore, the accuracy with which hotspots can be circumscribed and ranked is limited by the reliability of the diversity data available for each area.
Brazil, long acknowledged as a world leader in floristic diversity, encompasses two biodiversity hotspots-the Cerrado and the Atlantic rainforest (Mata Atlântica)-and ranks high among the most-diverse countries (Mittermeier et al. 1997 (Mittermeier et al. , 2004 . However, published estimates of described diversity are widely divergent because the country lacked an authoritative inventory of plant, algal, and fungal species. Here, we present analyses of new results from a landmark project that indicate that Brazil has fewer described species of plants, algae, and fungi but higher levels of endemism than were previously reported. 
Taxonomic data and procedures
The taxonomic scope of the project included vascular plants, bryophytes, algae, and fungi, although it was accepted that coverage for the latter two groups would be patchy because of the uneven distribution of sampling effort and taxonomic expertise. A database and a Web interface to support the project were developed in partnership with the Centro de Referência em Informação Ambiental. Data sets were obtained from published sources (Gradstein and da Costa 2003 , Hennen et al. 2005 , Barbosa et al. 2006 , Procopiak et al. 2006 , Queiroz et al. 2006 , Cáceres 2007 , de Oliveira et al. 2007 , Mendonça et al. 2008 , Daly and Silveira 2009 ), as well as from existing Web resources (Royal Botanic Gardens, Kew 2009 , IPNI 2009 ) and from some unpublished sources provided by specialists. All of the data sets were fed into the system and integrated, totaling roughly 90,000 name citations. All of the original sources are acknowledged in the system.
Taxonomic subsets of the combined data set were made available to invited specialists for review and correction through an online Web interface over a nine-month period ending 31 December 2009. The specialists were invited to update the taxonomic status of each name (accepted or synonym) and to cite voucher specimens or literature to indicate the distribution of each accepted species across political units (the 27 states of Brazil) and major biomes, following the domínios concept sensu Veloso and colleagues (1991) and Ab'Sáber (2003) with territorial coverage from IBGE (2010) . Although each of these biomes hosts a wide range of vegetation types, physiognomies, habitats, and microhabitats, they can be characterized in broad terms as outlined in table 1 and illustrated in figure 1. To check species distribution and locate suitable vouchers, the specialists used the speciesLink (2010) network, which contains online herbarium data.
The compiled data were reviewed and refined online by a network of 413 taxonomists during 2009. This remarkably comprehensive and rapid collaboration was possible only through advances in information and communication technology and increased Internet speed, which allowed many people to work remotely and simultaneously. The list was then edited and was released online in Summary statistics were extracted from the database by major taxonomic group and by biome. Current species diversity and endemism totals for other megadiverse countries were obtained from recent literature and personal correspondence.
Diversity of Brazilian plants and fungi
The resulting list, published as The Brazilian Catalogue of Plants and Fungi (Forzza et al. 2010a ) documents 40,989 species of Brazilian algae, land plants, and fungi, of which 18,932 (46.2%) are endemic to the country (table 2). The species totals are lower than recently published estimates by 32%-42% (Lewinsohn and Prado 2005) . We did not find comparable endemism estimates for the groups encompassed in our study as a whole. Coverage of algae and fungi in our data set was less consistent and less comprehensive than for land plants (bryophytes and vascular plants). Furthermore, the totals for all land plants were also sparsely noted in the literature; therefore, we focused further comparisons on the vascular plant data. The number of vascular plants totaled 32,364 species, 21% below the lowest previous estimate for known Brazilian vascular plant species and 43% below the highest previous estimate (see table 2 for absolute numbers and sources). Although our reported number of known vascular plant species is lower than that previously reported, placed in the context of other recently published national estimates ( figure 2 ). Because the number of herbarium specimens of Brazilian plants collected to date is far from sufficient to adequately represent the native plant diversity as a whole and major initiatives are underway to increase the size and availability of the collections (CNPq 2010 , DCBio 2010 , GPI 2011 , the total number of vascular plant species for Brazil can be expected to rise significantly over the coming years. Of critical importance in this process is the recognition by the Brazilian government that increased taxonomic capacity to accelerate the analysis of materials in Brazilian collections is necessary to provide up-todate scientific information on national biodiversity (DCBio 2010, p. 35) .
Vascular plant endemism
In total, 18,082 vascular plant species (56%) have been recorded as endemic to Brazil. This proportion of endemism is higher than that reported for Articles any other Neotropical country (table 3) and greatly in excess of previously published endemism estimates for Brazilian vascular plants, which ranged from 22% (Giam et al. 2010) to 29%-37% (Mittermeier et al. 1997 and MMA 1998 for higher plants only). Giulietti and colleagues (2005) reported higher levels of endemism (66%) for a selection of dicotyledonous families, although they cited an unpublished list that indicated only 28% endemism in Brazilian dicotyledons.
In the global context, Brazil has more endemic vascular plant species than any other country (table 3) and now ranks eighth in the world for percentage endemism, exceeded only by countries with essentially island floras (i.e., Australia and Papua New Guinea, both 91%; Madagascar, 74%), by other countries or administrative regions consisting of islands or archipelagos (New Caledonia, 88%; New Zealand, 81%; French Polynesia, 58%), and by South Africa (65%)-the only other continental country with flora with levels of endemism over 50%. Given the large expanses of Brazil still awaiting detailed botanical exploration and the relatively narrow distribution of the majority of recently described species, levels of endemism in the known Brazilian vascular plant flora can be expected to rise in the coming years.
Biome comparisons
For the six biomes recognized (table 1, figure 1), the total number of species, the total number of endemic species, and the proportion of endemism in each biome are presented in table 4 and mapped on figure 1.
Brazil's Atlantic forest, already recognized as one of the world's hottest hotspots (Mittermeier et al. 1999 , Myers et al. 2000 , Brummitt and Nic Lughadha 2003 has 19,355 species in our list, including 40% of all known Brazilian endemics (tables 1 and 4, figure 1) .
The Cerrado, also a hotspot (Mittermeier et al. 2004 ), although not among the very hottest (Brummitt and Nic Lughadha 2003) , is confirmed as home to the richest savanna flora in the world, with 12,669 species (4215 Brazilian endemics). Although neither the Atlantic rainforest nor the Cerrado biomes are exclusive to Brazil (see table 1), the fact that the great majority of their extent is within Brazilian boundaries explains their large contribution of endemic species.
In contrast, the Amazon extends far beyond Brazilian national boundaries, encompassing large areas of Bolivia, Peru, Ecuador, Colombia, Venezuela, and the Guianas, and, Articles unsurprisingly, of the 13,375 species documented for the Brazilian Amazon, only 2046 are endemic to Brazil. These biome comparisons, made using species totals for all groups included in our list (land plants, algae, and fungi), reflect undersampling, particularly of the latter groups; the angiosperm number for the Brazilian Amazon (11,349 species) is more comparable to that for the Atlantic rainforest (13, 972) . Furthermore, the Amazon is known to have a relatively low density of preserved collections of plants and fungi, and these are skewed toward a handful of geographical centers. Schulman and colleagues (2007) suggested that, for vascular plants, as much as 43% of the area of the Amazon may be effectively uncollected. Increased collecting activity is urgently needed and expected to considerably augment the number of species recorded for this biome (Milliken et al. 2011 ).
Maintaining and using the list
The Brazilian Catalogue of Plants and Fungi (Forzza et al. 2010a ) represents a snapshot of our current understanding of Brazilian plant diversity at a critically important time.
With a new species being added to the inventory each working day, on average , the hardcopy version will soon be outdated, but the Rio de Janeiro Botanical Garden will coordinate continuous updating of the Web version (Forzza et al. 2010b ) and yearly online releases. Maintenance of the list will require continued support for and recognition of the network of taxonomic specialists who created it. Enhancements to the coverage of fungi and microalgae should be prioritized and will require investment in taxonomic capacity for these neglected groups. This landmark achievement by the Brazilian scientific community not only provides a robust new baseline for Note: The endemism totals for each biome do not add up to the total number of endemic species for Brazil because some Brazilian endemic species occur in more than one biome and because biome data are lacking for some species.
taxonomic and floristic work, but it is also a key tool for policymakers and land managers seeking to direct and implement conservation actions on a scale sufficient to safeguard the world's most-important flora. It will serve as an inventory of resources to be assessed for conservation status and prioritized for conservation action, which will aid in avoiding duplication of effort and accidental oversight (Secretariat of the Convention on Biological Diversity 2009). South Africa provides a clear example of how a national list of plant species can form the foundation for a range of practical information products and can establish a baseline for more applied socioeconomic initiatives (Crouch and Smith 2011). In the Brazilian context, the list's relevance is illustrated by the fact that more than two-thirds of plant species considered by expert botanists as threatened in 2005 were deemed to lack sufficient reliable information to be officially recognized as conservation priorities (DCBio 2010, p. 39) . The existence of the list will also enable information on Brazilian plants to be organized in a logical and retrievable way, linked to information about the properties of these species and their roles in ecosystems, which will make these more readily accessible to land managers. Practical needs, such as biome-specific manuals of species suitable for use in habitat restoration can be addressed using subsets of the list. For those megadiverse countries that still lack a comprehensive plant list, concentrated and concerted efforts to develop one are urgently needed if the new and more ambitious GSPC 2020 targets are to be attained (CBD 2010b) .
